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Abstract
We present filamentary structure analysis based on the
CARMA Orion Project through which we obtained
high resolution (0.01pc) and high dynamic range (2 deg
in DEC) images of the Orion A molecular cloud. We
show a preliminary emission map of the 13CO emis-
sion with the addition of identified filaments. The data
product resulted from 1500 hr of observing time at
CARMA interferometer, and the Nobeyama 45 m tele-
scope. We address basic filament properties along with
calculated typical kinematical properties. Furthermore,
we present a pilot study where we compare the observed
[CII] and [CI] emission to 13CO emission towards 6 se-
lected filaments in Orion A.
1. Introduction
Star formation takes place in the coldest (∼ 10 K) and
densest (103–106 cm−3) clumps of molecular clouds.
Over the past years, the Herschel Space Observatory
has significantly improved our understanding of the
star formation process as stars and star clusters have
been found to form along and at the junctions of the
filaments (e.g. Schneider et al. 2012) which pervade
molecular clouds on all scales observed. The observa-
tional evidence favors a model concerning the origin of
filaments, where they form as a result of compression
by the large-scale turbulence. They further fragment
into prestellar cores when they are gravitationally un-
stable, i.e. super-critical (e.g. Andre´ et al. 2013). Inter-
stellar filaments that are observed with Herschel have
shown a characteristic width of 0.1 pc, regardless of the
corresponding column densities (e.g. Arzoumanian et
al. 2011). Even though Herschel provided extensive
dust continuum maps, they lacked the essential kine-
matic information. It is worth noting that up to date,
only a small number of studies have been performed to
trace the kinematics of the gas via spectral line obser-
vations, merely covering selected filaments rather than
large scale maps. Nevertheless, with different spectral
lines tracing various density regimes, these studies in-
dicated that filaments may act as arteries of molecular
clouds as they carry mass from the bulk of the cloud
towards star forming cores (e.g. Schneider et al. 2010,
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Peretto et al. 2013).
2. Observations
In order to image an extensive region towards the
closest host of active high-mass star formation with
high resolution and high sensitivity, the CARMA
Orion Key Project (PI: J. Carpenter) was granted
∼ 1500 hr of observing time at the Combined Ar-
ray for Millimeter-Wave Astronomy (CARMA). For
the purpose of the below analysis we elaborate on the
CARMA, the Nobeyama 45m, SOFIA, and APEX ob-
servations.
2.1. CARMA Observations
The observations were carried out using the CARMA
interferometer between 2012 and 2014 using 15 anten-
nas (6 and 10 m dishes) of the array. A 2 deg2 region
towards Orion A is observed using CARMA D and E
arrays resulting in an angular resolution og 6 arcsec
(i.e. spatial resolution of 0.012 pc).
The spectral setup of the correlator is shown in Ta-
ble 1. Outflow and diffuse gas tracers (CO and 13CO),
warm dense gas tracers (CS and C18O), cold dense
gas tracer (CN) and shock tracers SO along with 3
mm continuum were observed simulatenously.
The large mosaic was divided into 228 subfields of 6
arcmin2. Each individual subfield is observed in three
different hour angles to be able to benefit from the
Earth’s rotation in filling the uv -space and resulting
in sidelobes of only ∼10%. The RMS noise in 0.5 km
s−1 channels is be 1 K for 12CO and 0.5 K for the other
molecules.
2.2. 45m Observations
The 13CO and C18O observations were performed dur-
ing 2010 and 2013 with the 45 m telescope at the
Nobeyama Radio Observatory (NRO), and are de-
scribed in detail in Shimajiri et al. (2014). A new set
of CO data is being acquired at the 45 m telescope us-
ing the new receiver FOREST. At present, these data
are being combined with the CARMA data in order to
achieve a better sensitivity in the final products.
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2.3. APEX Observations
In order to trace a more diffuse gas component than is
observed with CARMA, we observed a selected set of
filaments in [CI] emission in APEX, and in [CII] with
SOFIA (see Section 2.4). Observations of 6 selected
filaments were completed in September 2015. 2.6 x 2.6
arcmin sized OTF maps of 6 filaments were obtained
with an rms level of 0.3 K at 0.5 km s−1 channels.
Using the FLASH460 and FLASH345 instruments we
have observed 12CO(3–2) at 345.796 GHz and 13CO(3–
2) 330.587 GHz along with our intended target [CI] at
492.16 GHz.
2.4. SOFIA Observations
Observations of 4 of the selected filaments were com-
pleted in February 2016. We utilized the upGREAT
instrument onboard SOFIA to observe [CII] emission
at 1900.5 GHz. After 1.7 h of integration time we ob-
tained a ∼0.8 K noise level at a channel spacing of
0.77 km s−1 for each filament. The angular resolution
of SOFIA at the [CII] frequency is 15.1 arcsec.
3. Results
3.1. Filament Properties
By running the filament finding algorithm DisPerSE
(Sousbie et al. 2011) on the 3D (PPV) data cube, we
identified ∼250 filaments. These filaments are shown
as colored segments in Fig. 1. We found that in con-
trast to the smooth filament intensity profiles in the
literature, filaments in 13CO show complex substruc-
tures. Each filament is coherent within a velocity
range of 1 km s−1. Moreover, the filament lengths
vary between 0.3 – 3.5 pc, and widths between 0.04
– 0.25 pc. We attribute larger filament widths to ei-
ther (1) existence of substructure or (2) filaments be-
ing diffuser. From the velocity fields, along with the
calculated masses we find typical accretion rates of a
few times 10−4 M yr−1 (Suri et al. in prep.). These
values are consistent with what is found in other fil-
amentary clouds such as Mon-R2 (Trevino-Morales et
al. 2015).
3.2. 13CO emission compared to [CI ] and [CII ]
In Fig. 1 we also present the comparison of 13CO to
that of [CI] and [CII] for 2 selected filaments that we
further refer as Filament-1 and Filament-2. The loca-
tion of Filament-1 and Filament-2 are indicated with
white boxes on the left panel of Fig 1. In the top right
panel, the [CII] single emission channel (in color), is
compared to the 13CO integrated emission (in con-
tours). The [CII] emission towards Filament-1 peaks
at 10 km s−1 and spacially coincides with the 13CO
emission. For Filament-2, on the other hand, the [CII]
emission peaks around (above and below) the 13CO fil-
ament, indicating that it might be tracing a more dif-
fuse component of the gas. In order to check whether
there is an optically thick gas component at the ridge
of Filament-2 that blocks the [CII] emission, the opti-
cal depth of H2 at the frequency of [CII] (1900.5 GHz)
is computed and found to be 0.003. Therefore, we
conclude that [CII] emission indeed peaks at the ob-
served position, and there is not enough dust in the
line-of-sight to block emission that would come from
the exact position of the filament. The bottom right
panel of Fig. 1 shows [CI] emission (in color), com-
pared to the 13CO emission in contours. While for
Filament-2, the bulk of the [CI] emission shows a sim-
ilar spatial distribution, Filament-1 has a component
(redshifted) that is not traced by the 13CO emission.
To conclude, aforementioned findings on the correla-
tion of 13CO and [CI] indicates that there is an evo-
lutionary difference between the two filaments. We
speculate that Filament-1 is more evolved, therefore
accreted most of the surrounding atomic gas, while
Filament-2 is still surrounded by more diffuse gas that
shows up in the form of atomic Carbon.
4. Discussion
In this section, we would like to address the fruitful
audience discussion. Firstly, the 13CO radial profiles
show multiple peaks throughout the map which raised
the following concern, peaks might indicate existence
of multiple sub-filaments, however, the significance of
the peaks must be quantitatively analyzed. With the
newly combined C18O data, we will be able to per-
form a thorough analysis of the optical depth, and in-
vestigate this issue further. Secondly, the kinematics
of the [CII] and [CI] were of interest. Therefore, we
would like to point out a thought-provoking point to
close up the discussion. For Filament-1 the [CII] emis-
sion spacially coincides with 13CO. However, the [CII]
reaches its peak intensity is at a lower velocity than
13CO which indicates the emission is blue-shifted and
might indicate a low density ionized shell around the
filament.
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Table 1. Correlator setup for CARMA observations.
Band Transition Frequency Bandwidth ∆V
GHz MHz km/s
1 12CO J=1-0 115.271204 31 0.25
2 CN 1-0, J= 3/2 - 1/2 113.490982 8 0.07
3 13CO J=1-0 110.201353 8 0.07
4 C18O J=1-0 109.782160 8 0.07
5 SO 2(3)-1(2) 109.252184 31 0.26
6 CS J = 2-1 97.980968 8 0.08
7 continuum 101 & 111.8 500 –
8 continuum 102 & 110.8 500 –
Figure 1. Property profile of the diverse library compared to the compound pool.
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